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^ A gasket for E.M.I, shielding and for sealing. 

@ This invention provides E.M.I, gaskets for electrically 
shielding and environmentally sealing the space between two 
surfaces which comprises a metallic electrically conductive 
deformable structure adapted for forming electrical contact 
with said surfaces and/or providing electrical shielding in the 
space between said surfaces; and a gel material for sealing the 
space between said surfaces having a cone penetration value of 
about 100 to about 350 (10- 'mm) and an ultimate elongation of 
at feast 2000/ 0 and being present in sufficient amount and 
positioned to provide environmental seal between said surfaces 
and to provide environmental protection for said metallic 
structure. The gel may encapsulate the entire metallic structure 
so that portions of the metallic structure pierces through the gel 
when the gasket is installed to make electrical contact 
Alternatively portions of the metallic structure may extend 
beyond the surface of the get and the gel deforms to cover 
exposed portions of the metallic structure when the gasket is 
installed. The gasket of this invention provides moisture seal 
and is resistant to corrosion. 
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Description 



This invention relates to gaskets for electromao- 
S rt enef0 r i nterferenCe (E M -' > shielding £d for 

E.M.I. shielding is for providing protection aoainct 
£f Z™ "'"I e,ec,ro ^9"^c P ener g y rncludTng 
tlon m Bu q h! n f y ,n,erference (R.F.I.). which protec- 

external E.M.I, and R.F.I, or may be to prevent E.M.I. 

. e5caD,na from an electrical device or 
both Environmental sealing Is for protection a^sJ 

ronm«„T,:. CC>rr ? S,0 i n ' d ° S,> ' nSeC,S 3nd envi- 
ronmental contamination encountered by electrical 
or electronic devices when In service 

E.M.I, gaskets and seals have been made from the 
combination of rubber or elastomeric material™* 

toTnctlon ? '"T 6ntS - Th6Se 9askets «• mti3S 
to function by the wires contacting the surfaces 
belwaen-whlch the gasket Is assembled to S 
the E.y, I shielding and the rubber or elastomeric 

SZLi 5 ' mended ,0 prOV,de ,he enviroSnS 
sea) when compressed between the intended sur- 

a * eS ;! X T P i e 0 S 0 f Such 9aske,s disclosed In 
2 ' 885 - 459 t° Pilfer et al. : 3 019.281 

3.566.064 to Nellis; and 3.708.871 to Mintz 

v^T^ I 0 '" 1 - E MX 9askets nave been pro- 
ved 'n the form of a plastic binder containing 

coated with silver. Examples of this type of gaske 

a7and C i^£V- S -r^ 
al. and 4.434.541 and 4.507.359 to Powers 

J^ 0 i he 7 0rm - E M I - 9askets hav * been pro- 
vided with a flexible foam rubber core having a wire 
exterior cover on the foam core such as a knitted or 
braided or otherwise woven wire fabric cover The 

2sura U fh/, r fh° a re iS in,e0ded ,0 pr0Wde resi,ien " «° 
assure that the wire cover makes good electrical 

contact when compressed between the KS 
surfaces and is also Intended to provide an entfron 
mental seal between the intended surfaces 

It has been found that the above gaskets exhibit a 
number of problems in actual use.lncludlng cor o! 
s,on or rusting of the metallic or wire portion and 
failure of the plastic, rubber, elastomer or foam to 
provide the desired environmental seal In an 
attempt to eliminate corrosion, some gaskets have 
tf 1 "if?" of nob,e me,al wire s. such as silver 
do« n d , dS , Siflni,iCant ' y 10 ,h ° Cost of ,he flasket and" 
t?nLT a ' WayS SO ' Ve ,he corrosio " ^o XlMn 

leak oTth ° f K ,he ab ° Ve 9aSke,s - a mois «"e 

leak path ex.sls where the wires contact the 

surfaces because the rubber, elastomer or foam 

betwi'fl d H° 0 8S • n0, seal around and 

between the wires or metallic structures and the 
surfaces to prevent migration of moisture into or 
through the gasket area. Any migration of moisture 
into or through the gasket area frequently Su se s 
corrosion of the metal in ,he gaske, and corroston or 
Cher problems ,n the electrical or electronic device 
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being protected by the gasket. 

It has been recognized in the art lhat m, 
flaskets do not fulfill the desired t£L%! 
quentry when the gaskets provide satisE 
shield, they do not provide the desired 

11k, " 9 A a , nd/ ° r ,he 9asket corr 
problems. Alternatively when the gasketsT 
adequate environmental sealing, they freq* 
not provide the desired E.M.I, shielding t 
quentiy. It has also been recognized In the artV 
many cases ,t has been necessary to sepa^ 
two tunc tlons and have an exterior conven* 
environmental gasket, such as an elastoCrid 
rubber O-rlng. and a separate Interior E Mia 
such as a wire mesh. This arrangement is » 
able, however, because it takes extra sai 
requires extra design, engineering and rnach" 
and increases installation difficulties; costs knd ' 
of Improper installation. . 

In view of the above, this Invention seek.' 
provide an E.M.I, gasket which provides eS? 
shielding and provides environmental seallno f J 
only he space between two surfaces but also j 
metallic components which provide the ele 
shielding in the gasket. 

Accordingly, in one aspect, this invention pr 
a gasket for electrically shielding against E M I 
environmentally sealing, the space between 
surfaces comprising: 

(a) a electrically conductive compo 
adapted for forming electrical contact with si 
surfaces and for providing electrical shield** 
the space between said surfaces : and 

(b) a gel material for sealing the sr. 
between said surfaces having a cone pens 
tion value of about 100 to about 350 (10-« 
and an ultimate elongation of at least 200% 
being present in sufficient amount and 
tioned to provide environmental seal bei 
said surfaces and to provide envlronmi 
Protection for said conductive component 

In a preferred embodiment of the gasket, the 
material covers the electrically conductive com 
nent and the component is adapted and posltlo ' 
such that portions thereof pierce through the 
material and contact the surfaces when the gasket 
compressed between the surfaces. 

In another embodiment of the gasket, at least 
portion of the electrically conductive component 
positioned outside the gel material and the ' 
material Is positioned so as to deform into set 
contact with the surfaces and deform around 
component to seal exposed portions of the con 
nent when the gasket is compressed between 
surfaces. 

In another aspect, this invention provides ' 
method of providing E.M.I, shielding and an enviro' 
menial seal between two surfaces by positioning 
gasket as defined above between the two surfe:: 
and compressing said gasket between said surface* 
to deform the gel material and to establish elect- 1 - 
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contact between the electrically conductive compo- 
nent and the surfaces. 

The gaskets of the present invention comprise an 
electrically conductive component and a gel material 
component which are assembled in a relationship as 
se t forth above. Thus, the component may be 
positioned so that it pierces through the gel to make 
electrical contact with the surfaces when the gasket 
(S compressed between the surfaces. It Is also 
envisaged that the component may be exposed and 
the gel is positioned such that the gel will deform 
around exposed portions of the component to 
environmentally seal the exposed surface of the 
component and to contact and environmentally seal 
the surfaces when the gasket is compressed 
between the surfaces. 

The electrically conductive component may com- 
prise a metal or another conductive material; the 
component may be formed from one or more 
materials. 

preferably, the component is deformable to allow 
it to conform to the surfaces to be sealed. The 
component may be formed as, for example, a woven 
or non-woven, braided or knitted fabric as a wire 
bristle structure such , as the structure of a pipe 

eaner or bottle brush where the wires are radially 
oriented, or it may be formed as an expanded metal 
mesh. Other suitable structures which will form 
electrical contact between the surfaces and provide 
the desired, electrical shielding properties will be 
apparent to those skilled in the art. A woven 
structure may be In the form of a circular or flat knit 
fabric which has good flexibility and conformability 
and provides good electrical shielding. 

A preferred form of the gasket of the present 
invention Is composition or wherein the electrically 
conductive component is within the gel materia! or 
wherein the gel material at least coats all parts of the 
component and whereby the component pierces 
through the gel material or the gel coating to form 
the electrical contact with the surfaces between 
which the gasket is compressed. 

The gel material useful in the present invention 
may be any composition or material having the 
physical properties of a cone penetration value from 
about 100 to about 350 (lO-^m) as measured by 

"TM D-937-77, and an ultimate elongation of at 
.cast 200%, as determined by ASTM D-412. Such gel 
materials may be, for example, polyurethane, sili- 
cone, polyoleflnic block copolymers and other 
compositions which have the above cone penetra- 
tion and elongation properties necessary for the gel 
material to have high conformability under low 
compression forces to provide the environmental 
sealing of the surfaces between which the gasket Is 
compressed. Such gel materials have been used to 
protect substrates from corrosion and to provide 
electrical insulation on certain electrical terminals 
and connectors to prevent electrical malfunction 
upon exposure to moisture. For example, such gel 
materials have been used in various applications as 
disclosed in EP-A-108,518, EP-A-196219, EP- 
A-0191609, EP-A-0194872. EP-A-0204427 and EP- 
A-0200557. Examples of suitable gel compositions 
and materials are also shown in EP-A-203738 and 



cP-A-0224389. and in international Patent Aoplica- 
♦ion N:>. PCT/G387/0O506. 

The gels useful in the present invention in general 
have a cone penetration value from about 100 to 
5 about 350 (10- 'mm). In many uses it is preferred 
that the gel have a cone penetration between about 
150 and about 350 (10- I mm) and in some applica- 
tions It Is preferred that the cone penetration be 
between about 100 and about 300 (10 -'mm). The 

10 gels when used in relatively thin layers with appropri- 
ate covering layer may provide superior surface 
protection and sealing when the cone penetration is 
between about 250 and about 350 (10- ^m). The 
ultimate elongation of the gel material should be at 

15 least 1000/0 in order to provide good conformability 
with the surface of the substrate. Higher values are 
generally preferred in order to provide better sealing 
of the gel material to the surface of the substrate. It 
is generally preferred that the gel material have an 

20 elongation of at least 200°/o and in many applications 
an elongation of at least 500% is desired. In other 
applications it is preferred that the gel material have 
an elongation of at least 750%. 

The gaskets of the present invention may be 

25 formed in flat shapes such as flat woven or knitted 
wire fabric or circular knitted or tubular braided 
structures. Such circular or tubular structures can 
also be flattened if a flat shape is desired. In general, 
lower compression forces may be used with the 

30 round gaskets to obtain the desired electrical 
shielding and environmental sealing with the gaskets 
of this invention. For example, a pressure in a range 
of about 1 to about 10 psi is generally sufficient with 
round gaskets while the flat gaskets according to 

35 this Invention may require pressure obtained in the 
range of about 5 to about 25 psi. Higher pressures 
can be used, but are not required. These pressures 
and forces are significantly lower than is typically 
required with the prior art rubber, foam and 

40 elastomeric gaskets and substantially lower than 
required with the particle filled plastic E.M.l. gaskets. 
Thus, the gaskets according to the present invention 
have the advantage that they are easy to install and 
.the desired E.M.I, shielding and environmental 

45 sealing can be obtained with low compressive 
forces, thus making the gaskets of the present 
invention suitable for use on lighter weight devices 
and construction materials. 
The gaskets of the present invention also have the 

50 advantage that they are able to provide corrosion 
resistance because the gel material in the gaskets of 
the present Invention is able to encapsulate and to 
protect not only the surfaces which are being sealed 
but also protects the metal structure of the gasket 

55 itself from environmental effects such as moisture or 
chemical exposure. Another advantageous feature 
of the gaskets of the present invention is that even if 
some portion of the electrically conductive compo- 
nent of the gasket Is exposed to the environment, 

SO and corrodes up to the surface of the gel part of the 
gasket, the rust or corrosion will be halted at that 
point. The gasket as it is compressed and Installed 
between the surfaces will continue to provide 
environmental seating and electrical shielding pro- 

65 vided that a sufficient amount of the component is 
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embedded within the gel and protected by the gel 
from further corrosion. 

The gaskets of the present invention can be made 
by any convenient method similar to the methods 
used In the above referenced copending applica- 
tions for manufacturing tape and other structures 
containing gel or having gel as a component thereof. 
For example, the conductive component can be 
filled with the liquid uncured gel material which is 
then cured in place within the component either to 
completely encapsulate the component or to leave a 
portion of the component exposed from the surface 
of the gel. Alternatively, the gaskets according to the 
present Invention can be made by laminating the 
procured layer of gel with the component in one or 
more layers to provide sufficient get material for the 
component. For example, an expanded metal mesh 
component may have a layer of procured gel 
laminated on one or both sides thereof. In another 
example, a sheet of procured gel having sufficient 
thickness could have two sheets of expanded metal 
mesh laminated to the two sides of the gel sheet. In 
another example,' a round gel rope can be fed 
through a braider or circular knitter and a wire 
structure braided or knitted on the exterior surface 
of the gel. In yet another example, a tubular braided 
metal wire structure or circular knitted metal wire 
structure could be filled with the liquid uncured gel 
and the gel allowed to cure inside the braided or 
knitted wire structure either to leave the braided or 
knitted wire structure exposed or such that the gel 
encapsulates or coats the entire knitted or braided 
wire structure. Other methods of making the 
gaskets of the present Invention will be apparent to 
one skilled in the art following the teachings of this 
specification. 

The description of the present invention is in the 
context of shielding and sealing the space between 
two surfaces. However, it is to be understood that 
the scope of the gaskets and methods of the 
present invention includes the shielding and sealing 
the space between three, four or more surfaces. It 
will be readily apparent to one skilled In the art that 
the gaskets of this invention can easily be designed 
and shaped to be effective to seal the space where 
three or more surfaces come together. Therefore in 
this application the language "two surfaces" in- 
cludes at least two or two or more surfaces within 
the scope thereof. 

Embodiments of the gasket and the method 
according to the invention will now be described by 
way of example with reference to the accompanying 
drawings, In which: 

Figures 1a. 1b and 1c show a gasket of the 
present invention wherein the electrical! con- 
ductive component is contained within the gel 
material, and Figure 1d shows the gasket 
installed between two surfaces; 

Figure 2a shows a gasket of the present 
invention wherein a portion of the electrically 
conductive component is outside the gel ma- 
terial, and Figure 2b shows such a gasket 
v installed between two surfaces; 

Figure 3 is a graph of frequency versus signal 
attenuation to show the shielding effectiveness 



of *he woven wire cioth shown in Figures la and 
1b. measured as described below; 

^igi're 4 shows the -Oveldirg effectiveness of 
tiie gasket iilustrateo in Figure 1c; 
5 Figure 5 shows the shielding effectiveness of 

a knitted wire strap; 

Figure 6 shows the shielding effectiveness of 
a gasket according to this Invention made from 
a kitted wire strap; and 
10 Figure 7 is a graph showing how the 

resistivity of an electrical connection changes 
when sprayed with a salt solution, as described 
below. 

Referring to the drawings, Figures 1a and 1b show 

75 a fabric which Is woven from wires 1 . As shown in 
Figure 1c, the woven metal fabric containing wires 1 
is encapsulated in the cured gel 2. In Figure Id the 
gasket of Figure 1c is installed and compressed 
between surfaces 3. Due to the compression, metal 

20 wires 1 contact the surfaces 3 at points 5 and the gel 
has been compressed and expanded into areas 4. 
As can be seen in Figure 1d. the gel environmentally 
seals between surfaces 3 and encapsulates and 
environmentally protects the woven metal fabric 

25 formed from wires 1. 

Figure 2a shows a side view and end view of a 
gasket according to this Invention constructed from 
a wire pipe cleaner or bottle brush type structure 
comprising center wire 6 and radial wires 7 which 

30 extend beyond the surface of the gel layer 8 within 
the wire structure. Figure 2b shows a side view and 
end view of the gasket of Figure 2a installed and 
compressed between surfaces 9. As can be seen in 
Figure 2b wires 7 are in contact with surfaces 9 and 

35 the gel has been deformed and expanded into areas 
10 where the gel has encapsulated and covered the 
ends of wires 7 which are not In direct contact with 
surfaces 9. 

Gaskets In accordance with the present Invention 
40 are further described with reference to the following 
examples. 

Example 1 

The ability of a woven wire cloth such as shown in 
45 Figure 1 to attenuate across a 3.8 mm gap at 
frequencies between 10MHz and 1GHz was 
measured using the transfer impedance method 
called out in Society of Automotive Engineers 
SAE-ARP-1705 specification. The scan across the 
SO frequency range Is illustrated in Figure 3. It can be 
seen in this figure that the attenuation is in excess of 
90dB. 

Example 2 

55 The wire cloth described in Figure 1 was Impreg- 
nated with a polydimethylsiloxane gel having a cone 
penetration of 260 (10- ^m) and an elongation of 
450 percent. A frequency versus attenuation scan 
was run on the ir^'oinated cloth under conditions 

60 identical to Xho^ sample 1. The resulting data is 
shown in Figure 4. It can be seen in this figure that 
the scan Is indistinguishable from Figure 2 and thus 
shows the ability of the wire cloth to cut through the 
gel and make contact with the metal substrates 

65 when compressed in the test fixture. 
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t'ons of t^e component whjn lh3 gasket is 
rom pressed between the surfices. 

4. A gasket according to any one of. claims I 
to 3. in which the conductive component is 
formed from a metal. 

5. A gasket according to any one of claims 1 
to 4, in which the conductive component Is 
deformable. 

6. A method of providing E.MJ. shielding and 
an environmental seal between two surfaces by 
positioning a gasket as claimed In any one of 
claims 1 to 5 between said two surfaces and 
compressing said gasket between said sur- 
faces to deform the gel material and to establish 
electrical contact between the conductive com- 
ponent and said surfaces. 

7. An assembly comprising two surfaces and 
a gasket as claimed in any one of claims 1 to 5 
compressed between said surfaces. 



Claims 35 

1. A gasket for electrically shielding against 
E.M.I, and environmentally sealing the space 
between two surfaces comprising: 

(a) an electrically conductive component 40 
adapted for forming electrical contact with 

said surfaces and for providing electrical 
shielding in the space between said sur- 
faces; and 

(b) a gel material for sealing the space 45 
between said surfaces having a cone 
penetration value of about 100 to about 350 
(10- 1 mm) and an ultimate elongation of at 
least 200^/0 and being present in sufficient 
amount and positioned to provide environ- 50 
mental seal between said surfaces and to 
provide environmental protection said con- 
ductive component. 

2. A gasket according to claim 1, wherein the 

gel material covers the component and the 55 
component is adapted and positioned such that 
portions thereof pierce through the gel material 
and contact the surfaces when the gasket is 
compressed between the surfaces. 

3. A gasket according to claim 1, wherein at 60 
least a portion of the component is positioned 

and exposed outside the gel material and the 
gel material is positioned so as to deform into 
sealing contact with the surfaces and deform 
around the component to seal exposed por- 65 



E xample 3 

-~~A 4 mm diameter knitted wire strip made from 115 
micrometer Monel wire was measured for its ability 
•o attenuate electromagnetic frequencies using the 5 
same technique outlined In the two previous exam- 
pies. The scan can be found in Figure 5. 

E xample 4 

The strip described in Example 3 was impregnated 10 
with polydimethylsiloxane of cone penetration 260 
t i0- 'mm) and elongation of 450 percent and then 
measured for shielding capabilities as described in 
the previous example. The scan is found in Figure 6 
and is almost identical to the unimpregnated version 15 
found in Figure 5. 

Example 5 

Corrosion testing of the woven wire cloth without 
gel impregnation described in Example 1 and of the 20 
gel gasket described in Example 2 was performed. 
Doughnut shaped specimens were punched out 
having a 44.5 mm outside diameter and a 31.75 mm 
inside diameter. The specimens were clamped 
between aluminum disks and exposed to salt spray 25 
in accordance with military standard Mil-STD-810. 
Resistivity changes were measured every 100 hours 
on the assemblies up to five hundred hours. Figure 7 
shows the changes for the impregnated and unim- 
pregnated wire cloth, it can be seen that the 30 
conductivity of the joint is protected by the get. 
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© This invention provides E.M.I, gaskets for elec- 
trically shielding and environmentally sealing the 
space between two surfaces which comprises a me- 
tallic electrically conductive deformable structure 
adapted for forming electrical contact with said sur- 
faces and/or providing electrical shielding in the 
space between said surfaces; end a get material for 
sealing the space between said surfaces having a 
CO cone penetration value of about 100 to about 350 
^(iCT'mm) and an ultimate elongation of at least 
^200% and being present in sufficient amount and 
rs» positioned to provide environmental seal between 
^said surfaces and to provide environmental protec- 
ts tlon for said metallic structure. The gel may encap* 
f*s sulate the entire metallic structure so that portions of 
CM 

the metallic structure pierces through the gel when 
Qthe gasket is installed to make electrical contact. 
ft Alternatively' portions of the metallic structure may 
[Jj extend beyond the surface of the gel and the gel 
deforms to cover exposed portions of the metallic 
structure when the gasket is installed. The gasket of 



this invention provides moisture seal and is resistant 
to corrosion. 
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